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Mutations in the transcription factor Foxn1 cause the nude phenotype in mice, which is 
characterized by a lack of visible hair. New work by Weiner et al. (2007) in this issue of Cell 
now shows that Foxn1 also contributes to hair color by marking which cells are to receive 
pigment from melanocytes.“If you build it, they will come.” The 
phrase from the movie “Field of 
Dreams” refers to a situation in which 
the mere presence of a structure cat-
alyzes recruitment of its occupants. 
In this context, consider the devel-
opment of hair follicles in the skin. 
Hair follicle formation is initiated by 
a series of epithelial-mesenchymal 
interactions and built and maintained 
by programs of differentiation and 
self-renewal. Yet a hair follicle and 
the surrounding epidermis are not 
truly complete until colonized by pig-
ment cells that come from the neural 
crest. Is building a hair follicle suffi-
cient to guarantee its pigmentation, 
or are additional instructions neces-
sary? The prevailing view supports a 
permissive role for the epithelium in 
determining pigmentation, but new 
work from Weiner et al. (2007) sug-
gests that certain epithelial compo-
nents can determine their own pig-
mentation in an instructive manner 
that depends on the gene Foxn1.
In adult animals, both hair and skin color depend on pigment-producing 
melanocytes that remain stationary 
at the base of the epithelium and 
transfer melanin-containing organ-
elles to adjacent keratinocytes that 
are pushed upward as they prolifer-
ate. During embryogenesis, however, 
the nonpigmentary components of 
the follicle are built first, and melano-
cyte movement is a secondary and 
stepwise process that proceeds from 
the dermis to the epidermis and then 
into developing follicles (Figure 1). 
These stages of pigment cell move-
ment depend on a series of paracrine 
interactions, most of which have been 
recognized through mutations that 
cause white spotting. For example, 
activation of the Edn3 gene (origi-
nally known as lethal spotting) or its 
downstream effectors cause mela-
nocytes to accumulate in the dermis, 
whereas activation of the Kit ligand 
(Kitl) gene (originally known as Steel) 
causes melanocytes to accumulate in 
the epidermis (Van Raamsdonk et al., 
2004; Garcia et al., 2007).Cell 130, SeIn fact, a large body of previous 
work from Nishikawa and colleagues 
(Kunisada et al., 1998; Mak et al., 
2006; Yoshida et al., 1996) suggests 
that it is the precise site and timing 
of Kitl expression by different types 
of keratinocytes that determines 
if melanocytes ultimately reside in 
the skin, the hair, or both (Figure 
1A). Thus, in newborn mice, Kitl is 
transiently expressed in the inter-
follicular epidermis, but as hair fol-
licles develop, expression becomes 
restricted mainly to hair bulbs, help-
ing to explain why melanocytes move 
from the interfollicular epidermis to 
the hair follicles after birth (Mak et 
al., 2006). Furthermore, using a Kitl 
transgene expressed specifically in 
the basal epidermis, together with 
antibodies against the Kit receptor, it 
was possible to recruit pigment cells 
to the hair but not the skin, to the skin 
but not the hair, or to both hair and 
skin, all depending on the combina-
tion and timing of transgene expres-
sion and administration of antibodies ptember 7, 2007 ©2007 Elsevier Inc. 779
figure 1. localization of Pigment in mammalian skin
(A) The developing hair follicle and the surrounding tissues in the mouse are depicted during specific embryonic (E) and postnatal (P) stages. The 
initial thickening that later gives rise to a hair follicle depends on interactions between the embryonic epidermis (blue) and dermis (pink) and occurs 
at the same time that melanoblasts, the committed precursors of melanocytes, are migrating away from the neural crest. Increased activation of 
endothelin receptor b (Ednrb) and/or Gq-dependent pathways leads to accumulation of pigment cells in the dermis; increased activation of Kit-de-
pendent pathways leads to accumulation of pigment cells in the epidermis. By P6.5, epidermal expression of Kit ligand (Kitl) is confined to the base 
of the hair follicle; thus, expression of Kitl in the follicle determines whether melanocytes ultimately reside within or between hair follicles.
(B) In a permissive model, melanocytes transfer pigment to adjacent keratinocytes, predicting ubiquitous distribution of pigment throughout the 
hair follicle.
(C) In fact, pigment is found only in the hair shaft, which suggests that transfer from melanocytes to keratinocytes occurs in an instructive rather 
than a permissive manner.
This figure is based on data from Garcia et al. (2007) and Van Raamsdonk et al. (2004).to the Kit receptor (Kunisada et al., 
1998). A common theme to emerge 
from these studies was that pigment-
containing keratinocytes (in the skin 
or the hair) appear wherever there are 
pigment cells, suggesting that during 
the actual process of pigment trans-
fer, keratinocytes play a largely per-
missive role.
There is, however, a problem with 
this model. If the acquisition of pig-
ment by keratinocytes is a passive 
process, one would expect to find 
melanin scattered throughout all cell 
types of the hair follicle (Figure 1B). 
In fact, there is remarkable specific-
ity in the process of hair pigmenta-
tion; melanocytes intercalate among 
at least seven different types of pro-
genitor cells, but transfer pigment 
only to the subset that gives rise to 
the hair shaft (Figure 1C). The atten-
tion of Weiner et al. (2007) was drawn 780 Cell 130, September 7, 2007 ©2007 to this problem when they realized 
that Foxn1 was expressed specifi-
cally in the subset of cells that give 
rise to the cortex of the hair shaft. 
First identified as the gene mutated 
in nude mice, Foxn1 encodes a tran-
scription factor with downstream 
targets in the thymic epithelium as 
well as in specialized keratinocytes. 
Ironically, nude mice have hair fol-
licles that seem to be almost nor-
mal; the nude phenotype results 
from increased hair shaft fragility 
rather than a defect in morphogen-
esis (Mecklenburg et al., 2005). To 
explore the possibility that Foxn1 
might have an additional role in pig-
mentation, Weiner et al. constructed 
a Foxn1 transgene controlled by a 
basal keratinocyte promoter (Krt5). 
They observed that transgenic mice 
exhibited ectopic pigmentation of 
the skin, a phenotype similar to that Elsevier Inc.caused by the keratinocyte-specific 
Kitl transgene. More simply (but per-
haps more strikingly), they closely 
examined the histological charac-
teristics of the nude mouse hair and 
discovered that although such hairs 
appear structurally normal, they were 
completely devoid of pigment in the 
hair cortex. Thus, ectopic expression 
of Foxn1 is sufficient to confer ecto-
pic acquisition of pigmentation in the 
skin, and normal expression of Foxn1 
is required for the acquisition of pig-
mentation by hair cortical cells.
The findings of Weiner et al. are 
provocative and are likely to stimu-
late additional work and discussion. 
If Foxn1 is a critical component for 
specifying the “pigment cell recipi-
ent” phenotype, how do medullary 
cells of the hair, which do not nor-
mally express Foxn1, come to acquire 
pigment? If regulated expression of 
Foxn1 helps to determine whether 
pigment is deposited in the skin ver-
sus the hair, as the authors suggest, 
what regulates Foxn1 to give rise to 
such patterns? Finally, exactly how 
might Foxn1 act in an instructive way 
to stimulate pigment acquisition?
With regard to this last question, 
Weiner et al. find that Foxn1 regulates 
expression of fibroblast growth factor 
2 (Fgf2), and that antibodies against 
Fgf2 prevent ectopic pigment cells 
from colonizing the epidermis of the 
transgenic mice that express Foxn1 
in basal keratinocytes. In this context, 
Fgf2 may be acting like Kitl (Figure 1), 
that is, to stimulate migration and/or 
proliferation of melanocytes in such 
a way that they are recruited to, and 
remain in, the interfollicular epidermis. 
However, a mechanism mediating the 
potential role for the Foxn1-Fgf2 axis 
in the hair follicle would be differ-
ent from that involving Kit1, because 
Foxn1 in the follicle affects the inter-
actions between keratinocytes and 
melanocytes, not their numbers or 
location. Weiner et al. speculate that Despite the importance of antimi-
crobial agents in the health care and 
agricultural sectors and almost a cen-
tury of research and discovery, death 
of bacteria in response to antibiotic 
exposure largely remains a black box. 
We can readily measure the physi-
ological effects of antibiotics, such as 
loss of membrane permeability and 
on the Road to
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How do antibiotics actually wor
agents have been identified, th
unclear. In this issue, Kohanski 
oxygen species is a shared mecFoxn1 may “instruct” keratinocytes 
to receive pigment directly from 
melanocytes; unfortunately, there is 
almost nothing known about the cell 
biology of pigment transfer, and it is 
not clear how to test this idea. How-
ever, some simple experiments may 
prove illuminating. Given the previous 
work on Kit and Kitl, it is not known 
whether specification of the “pigment 
cell recipient phenotype” by Foxn1 
requires Kit, a question that could 
be addressed using either a genetic 
approach or neutralizing antibodies. 
Another prediction of the authors’ 
model is that specific expression of 
Foxn1 in suprabasal keratinocytes 
(using for example a Keratin 10 pro-
moter) would cause pigment transfer 
to skip the basal layer of the epider-
mis and be directed instead to more 
superficial layers.
Regardless of the answer to these 
questions (which focus mainly on 
the epidermis and the relationship 
between Foxn1 and Kit signaling), the 
Weiner et al. study sheds light on one 
of the longstanding mysteries of the Cell 130, Sep
changes in cell morphology, as well 
as molecular events, such as inhibi-
tion of cellular pathways. However, the 
consequences for microbial molecu-
lar networks triggered by exposure to 
antibiotics that underlie these events 
remain obscure. Furthermore, it is not 
clear whether there is a single major 
mechanism of bacterial cell death 
 Bacterial cel
al Sciences, DeGroote School of Medicine,
k? Although the primary cellular
e downstream events leading 
et al. (2007) provide evidence t
hanism of cell death initiated bhair follicle: how the hair shaft gets its 
pigment. Clearly, making a complete 
hair follicle requires more than just 
building it.
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from antibiotics or many. Is it possible 
that antibiotics with diverse chemical 
structures that have dissimilar cellular 
targets share downstream events in 
common that result in bacterial death? 
At a first approximation, one would 
predict that there are likely to be many 
consequences of inhibiting essen-
tial cellular processes and that, as a 
l death
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 targets of many antimicrobial 
to bacterial cell death remain 
hat the production of reactive 
y bactericidal antibiotics.
